The aldose reductase (AR) inhibitor, 8-hydroxydaidzein, was isolated and identified from a methanolic extract of okara (soybean pulp) fermented with the fungal strain, Aspergillus sp. HK-388. 8-Hydroxydaidzein showed non-competitive inhibition of human recombinant AR with respect to DL-glyceraldehyde, its K i value being evaluated as 7.0 M.
the NADPH-dependent reduction of glucose to sorbitol, is the first restricted enzyme along the polyol pathway. The increased polyol pathway flux under the condition of hyperglycemia causes the development of such diabetic complications as cataracts, retinopathy and neuropathy. 1, 2) A mechanism for hyperglycemia-induced injury has recently been proposed, by which the superfluous consumption of NADPH through the polyol pathway could induce or exacerbate intracellular oxidative stress.
3) AR inhibitors are thus an attractive pharmacological target for the treatment of diabetic complications.
In the course of screening fungi for AR inhibitors by using okara (soybean pulp; a pulp fiber by-product of soymilk) as a medium, an isolate named Aspergillus sp. HK-388 was found in a soil sample collected near Sakai in Osaka, Japan. Activity-guided separation enabled the isoflavonoid, 8-hydroxydaidzein, to be isolated and identified as an AR inhibitor from the strain cultured with okara. We describe in this study the isolation, structural identification and AR inhibitory activity of 8-hydroxydaidzein from strain HK-388.
The AR assay was conducted according to the method of Hayman and Kinoshita 4) with some modifications. The supernatant fraction from a homogenate of porcine lenses supplied by an abattoir was used as crude AR without any purification for screening. The assay using porcine AR was done at 37 C in a 50 mM potassium phosphate buffer (pH 7.0) containing 10 mM DL-glyceraldehyde, 150 M NADPH and the enzyme (20 l) in a total volume of 1.0 ml. The reaction was initiated by adding the substrate, and the reaction mixture was incubated at 37 C for 20 min. After this incubation, the reaction was stopped by adding 5 M ammonium chloride (10 l) and then cooling on ice. The enzyme activity was calculated from the decrease in NADPH absorbance at 340 nm for the period of incubation. The inhibitory effect on AR was evaluated by adding 10 l of each MeOH extract to the reaction mixture. One unit of enzyme activity is defined as the change in 0.001 absorbance unit per minute, and typical figures were from 10 to 15 units. In order to evaluate the inhibitory effect of an active compound, human recombinant AR purchased from Wako Pure Chemical Industries was used. The assay was carried out at 37 C in a 100 mM potassium phosphate buffer (pH 6.2) containing 10 mM DL-glyceraldehyde, 150 M NADPH and the enzyme (0.005 to 0.01 units) in a total volume of 1.0 ml.
5) The reaction was initiated by adding the substrate, and the rate of NADPH oxidation was monitored by recording the decrease in absorbance at 340 nm.
The strains isolated from the soil samples were statically cultivated with okara at 25 C for 14 days. After the cultured okara had been soaked in MeOH, each MeOH extract was tested for its AR inhibitory activity. One isolate, Aspergillus sp. HK-388, showed the most potent activity among six hundred and fifty strains tested for this assay. Strain HK-388 was inoculated into 100 g of okara in a Petri dish (15 cm in diameter) and cultivated at 25 C for 14 days. The cultivated okara (1 kg) was soaked in MeOH for a week. After removing the solvent from the MeOH extract, the aqueous concentrate was successively extracted with n-hexane and EtOAc. The active EtOAc extract was dried over anhydrous sodium sulfate, filtered, and evaporated to dryness. The residue (4.95 g) was chromatographed on Wakogel C-200 (100 g) by eluting with n-hexane and an increasing ratio of EtOAc. The 70% and 100% EtOAc eluates (1.39 g) were subjected to silica gel column chromatography (Kieselgel 60), eluting with an nhexane-EtOAc solvent system. The 70% and 80% EtOAc eluates (0.88 g) were applied to silica gel column y To whom correspondence should be addressed. Fax: +81-722-54-9471; E-mail: fujita@biochem.osakafu-u.ac.jp Biosci. Biotechnol. Biochem., 68 (7), [1588] [1589] [1590] 2004 Note chromatography (Kieselgel 60), eluting with a mixed solvent system (CHCl 3 -acetone). The 10% and 15% acetone eluates (39 mg) were further subjected to flashchromatography (Chromatorex ODS), eluting with a mixed solvent (H 2 O-MeOH, 65:35, v/v). The active fractions, including a spot for which the Rf value on TLC was 0.18 (RP-18 F 254s ; H 2 O-MeOH-AcOH, 60:40:1, v/v/v), were combined and recrystallized from aqueous EtOH to afford colorless needles (20 mg).
The molecular formula of the active compound was determined to be C 15 H 10 O 5 from the EIMS data (m=z 270 [M þ ]) together with the NMR data, indicating ten degrees of unsaturation. The fragment ions at m=z 152 (62%) and 118 (18%) suggested cleavage of thepyrone ring in the flavonoid skeleton. 6) In the 13 C-NMR spectrum, fifteen sp Hz, H-5) and the down-field shifted olefinic proton at H 8.18 (1H, s, H-2) were observed, suggesting that the active compound was an isoflavonoid having two hydroxyl groups on the A-ring on the basis of the spectral data and the molecular formula. The 1 H-13 C long-range correlation from one of the ortho-coupled protons at H 7.59 (H-5) to the carbonyl carbon at C 179.4 (C-4), together with two oxygenated aromatic carbons at C 149.2 (C-9) and 152.4 (C-7), was observed in the HMBC spectrum. The two hydroxyl groups on the A-ring were therefore determined to be attached at C-7 and C-8. The structure of the active compound was thus identified as 8-hydroxydaidzein (Fig. 1) , these spectral data completely agreeing with those in the literature.
7)
The isolated compound exhibited AR inhibitory activity with an IC 50 value of 4.2 M against human recombinant AR. It showed comparable activity to that of the well-known flavonoid AR inhibitor, quercetin, whose IC 50 value was evaluated as 2.7 M by the same method. The related isoflavonoid, daidzein, did not show any activity at a concentration of 100 M. These results suggest that an ortho-diphenol structure in the A-ring was an essential for the AR inhibitory activity. In order to determine the type of inhibition and inhibition constant (K i ), a kinetic study was carried out by using glyceraldehyde as a substrate at a concentration from 0.01 to 0.1 mM with the final concentration either in the absence or presence of two different concentrations of 8-hydroxydaidzein. The Lineweaver-Burk plots are shown in Fig. 2 . The apparent type of inhibition was noncompetitive with respect to the substrate DL-glyceraldehyde. The K m value was also calculated from the double-reciprocal equation by fitting the data with the software Microcal Origin. The K i value of 8-hydroxydaidzein was calculated as 7.0 M by the LineweaverBurk equation. 8) This is the first report to our knowledge on the isolation of 8-hydroxydaidzein as an AR inhibitor. To confirm the productivity of this compound, okara cultivated with and without strain HK-388 was examined. The presence of the compound in okara was hardly detectable by an HPLC analysis [t R 18.2 min; column, J'sphere ODS H-80 (4:6 Â 150 mm); solvent, H 2 OMeOH (70:30) with 0.5% AcOH; flow rate, 1.0 ml/min; UV 254 nm]. 8-Hydroxydaidzein was only obtained from the okara fermented with the strain, its amount in the cultivated okara being estimated as approximately 30 mg/kg. Daidzein, one of the typical isoflavonoids in soybean, seemed to be a precursor of 8-hydroxydaidzein. As the amounts of daidzein and its 7-O-glucoside, daidzin, in okara were respectively estimated as approximately 25 and 10 mg/kg, 8-hydroxydaidzein could be produced from these compounds by HK-388.
The interesting biological features such as antioxidative activity, 9, 10) lipoxygenase inhibitory activity, 11) and DPPH radical-scavenging activity 7) of 8-hydroxydaidzein as a fungal metabolite have already been reported. 8-Hydroxydaidzein has recently been isolated from such Japanese soybean products as miso and soy sauce, 7, 12) providing attractive evidence for ingesting this compound as a preventive medicine from these foods.
